With the development of Chinese economy, the economic backbone of China is transforming from traditional industries to high-tech industries. The main aim of the transformation is to develop and research new technologies and apply these new technologies to production in order to raise the quality of products, increase the amount of exports, and control environment pollution. 105 high-tech industry parks have built in main provinces between 1991 and 2012. Moreover, investment in high-tech industry in China keeps increasing year by year. Hence, measuring R&D efficiency can help the Chinese high-tech industry develop further.
I. INTRODUCTION
With the development of Chinese economy, the economic backbone of China is transforming from traditional industries to high-tech industries. The main aim of the transformation is to develop and research new technologies and apply these new technologies to production in order to raise the quality of products, increase the amount of exports, and control environment pollution. 105 high-tech industry parks have built in main provinces between 1991 and 2012. Moreover, investment in high-tech industry in China keeps increasing year by year. Hence, measuring R&D efficiency can help the Chinese high-tech industry develop further.
There are two main approaches to measure efficiency, including data envelopment analysis (DEA) and stochastic frontier analysis (SFA). SFA is an econometric approach while DEA is a mathematical programming approach to measure the relative efficiency of decision making units (DMUs) with multiple inputs and outputs. DEA consists of two different types, that is, radial and non-radial. The radial DEA model was firstly proposed in 1978 by Charnes, Cooper and Rhodes (CCR) [1] and it was later extended in 1984 by Banker, Charnes and Cooper (BCC) [2] . On the other hand, there are non-radial models which take into account the slacks of each input or output, and input and output variables are allowed to decrease or increase at different rates. The non-radial model, named slacks-based measure (SBM), was proposed by Tone in 2001 [3] . Therefore, this article applies SBM model to analyze the performance of the Chinese high-tech industry.
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high-tech industry. Section III introduces the methodology of SBM. Section IV shows data employed, and Section V shows the results. Section VI presents the conclusion.
II. LITERATURE REVIEW
There are many studies employing radial DEA to measure efficiency of Chinese high-tech industry. Shan (2011) [4] applied DEA-Malmquist to measure technical change, technology change and total factor productivity (TFP) and analyzed R&D efficiency of Chinese high-tech industry, and found that average of technical efficiency of high-tech industry was 0.864. Li, Ren, Tao and Jiang (2012) [5] analyzed the R&D efficiencies of 28 provinces of China in 2010 using three-stage DEA and results found that R&D efficiency of each province significantly changed and the mean of R&D efficiencies apparently declined. Xie, Hu and Xia (2007) [6] employed DEA to measure R&D efficiency, technical efficiency and scale efficiency of each province of China and used econometric approach to examine if R&D inputs and market competition had an impact on efficiency. Moreover, the empirical results show that the whole level of R&D efficiency is low and the gap between each province is great. Chen and Liang (2010) [7] China. In addition, the results illustrate that the overall R&D efficiency of high-tech industry in China has been improved to a fair extent during the sample period but still lies at the lower level, and the R&D efficiency of the eastern area is better than that of the western and central areas and the central area has the lowest R&D efficiency.
III. METHODOLOGY
The model used in this study is non-oriented slacks-based measure (SBM) under the variable returns to scale, which directly deals with input excess and output shortfall slacks. SBM was introduced by Tone (2001) and has two important properties, that is, units invariant and monotone.
There are n DMUs with the input and output matrices
, respectively. Moreover, X>0 and Y>0 should be assumed. The production possible set P is defined as
where  is a nonnegative vector in R n .
The SBM expression is following as: 
In this expression, s + and s -means input excess or output shortfall, respectively, and called as slacks.
IV. DATA
There are 31 provinces and two special administrative regions in China. However, there is missing data in Tibet, Xinjiang and Qinghai. Hence, the sample data in this study only includes 28 provinces. In addition, two special administrative regions, namely Hong Kong and Macau, are not included as well.
As can be seen in table I, this article consists of three inputs and two outputs. Inputs include full-time equivalent of R&D personnel (I 1 ), intramural expenditure on R&D (I 2 ), and product development costs (I 3 ). Patent application (O 1 ) and the amount of new products (O 2 ) are treated as outputs. Moreover, all of data is from the China statistics yearbook on high-tech industry. Table I V. RESULTS Fig. 1 shows the overall trend of the annual mean of R&D efficiencies. China is a very large country, and there are huge gaps in the levels of development of each province; therefore, the results are analyzed by dividing all of selected provinces into 3 big areas, that is, eastern region, middle region and western region. 1 As it can be shown in Fig. 1 , the overall mean of R&D efficiency first increased to 0.5430 from 2007 to 2009, then dropped by 0.0244 in 2010, and finally grew to 0.5886 in 1 According to the national development and reform commission of China, eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan, and middle region consists of Heilongjiang, Jilin, Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan as well as western region comprises Sichuan, Chongqing, Guizhou, Yunnan, Tibet, Shanxi, Gansu, Qinghai, Ningxia, Xinjiang, Guangxi and Neimenggu.
2011. In addition, the mean of R&D efficiency of eastern region is higher than the overall mean of R&D efficiency for a whole period of 2007-2011. However, the mean of R&D efficiencies of middle and western regions are lower than the overall mean of that during the same period. Nevertheless, the mean of R&D efficiency in eastern region declined significantly during the period of 2008-2010, while the mean of that in middle and western regions simultaneously rose. Particularly, in 2010, the mean of R&D efficiencies of these three regions converged at one point. However, the mean of R&D efficiency in eastern area has increased since then. Meanwhile, there is a downward trend of the means of R&D efficiencies in middle and western areas. Due to financial crisis in 2008, it was difficult to perform social financing. In addition, financial crisis had a great negative effect on exports in China so that many high-technology companies in China cut the number of staff. The financial crisis was main cause of the decline in the R&D efficiency in eastern region. The industrial structure between eastern region and middle and western regions is very different. The rate of primary industry against GDP in middle and western regions is almost two times that in eastern region, while rate of tertiary industry against GDP in eastern region is much higher than that in middle and western regions. Moreover, the level of economic development in the middle and western regions greatly lags behind that in the eastern region. Hence, the financial crisis did not have a great impact on high-tech industry in middle and western regions. Furthermore, the Chinese government investment in western region increases every year. Hence, the R&D efficiencies of middle and western regions were improved from 2008 to 2010. Table II illustrates the R&D efficiency of each province. There are only two efficient provinces through the whole period of 2007-2011, which are Beijing and Guangdong. In addition, Tianjin has a higher mean of R&D efficiency with the value at 0.9124, which is third to Beijing and Guangdong. A higher degree of openness exists in Beijing, Guangdong and Tianjin, therefore, more foreign big high-tech companies brought a great deal of money and technology to these provinces, which could help technology of these provinces to further increase. In the middle region, Shanxi (0.8654) and Neimenggu (0.8464) have the highest R&D efficiency relative to the other provinces in the middle region, while Heilongjiang has the relatively lowest R&D efficiency compared with all of provinces. Heilongjiang is one of main agriculture produces bases of China and mainly produces low value-added goods, which cause very low R&D efficiency relative to other provinces. As for western region, Yunnan (0.8732) has the relatively higher value of R&D efficiency and Shanxi (0.1806) and Sichuan (0.2396) have the relatively lower value of that. Although Chinese government increasingly invests in western region, the amount of researchers, economic situation, and other objective reasons cause the western region lag far behind the eastern region. Compared with radial DEA, SBM takes into account the slacks of each input or output, and input and output variables are allowed to decrease or increase at different rates. The results find that there is an overall upward trend on R&D efficiency and the R&D efficiency of eastern region is higher than that of middle and western regions during the whole period. Moreover, the gap of R&D efficiencies between eastern region and middle and western regions narrowed and converged at one point in 2010, and then has become wider. Due to industrial structure, amount of researchers as well as other objective reasons, Beijing and Guangdong are efficient relative to the other provinces and Tianjin is just behind them at the mean value of 0.9124, while many of provinces in middle and western regions have relatively lower value of R&D efficiency.
